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@ Verfahren zum Farben von Keramikoberflachen 
(57) Gegenstand der vorliegenden Erfindung ist ein Verfah- 
ren zum nachtraglichen Einfarben von keramischen Kor- 

pern durch Aufbringen von Metallsalzlosungen auf diese 

keramische Korper unter Verwendung einer speziellen 

Kombination von farbenden Metallsalzen mit den in der 

Kera mi k masse befindlichen festen Zirkoniumverbindun- 

gen, insbesondere Zirkoniumdioxyd zur Erzeugung der 

Farbe Orange. Alsfarbende Metallsalze kommen die Ver- 

bindungen Eisen- und Zinncitrat in Frage. 
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Beschreibung 



Gegenstand der vorliegenden Erfindung ist ein Verfahren 
zutti nachtraglichen Einfarben von keramischen Korpern 
durch Aufbringen von Metallsalzlosungen auf diese kerami- 
sche Korper unter Verwendung einer speziellen Kombina- 
tion von farbenden Metallsalzen mil den in der Keramik- 
masse befindiichen festen Zirkoniumverbindungen, insbe- 
sondere Zirkoniumdioxyd zur Erzeugung der Farbe Orange. 

Zur Farbgebung keramischer WerkstofTe kornmen nur 
feuerfeste Pigmente in Frage, da Farbglasuren bei Tempera- 
turen von 700 bis 1100°C und Sanitarkeramik bei 1400°C 
eingebrannt werden. Als Pigmente verwendet werden insbe- 
sondere farbige Oxide des Eisens, Chroms, Mangans, Rein- 
und Mischphasen mit Spinellstruktur, beispielsweise Ver- 
bindungen von Al, Ni, Cr, Zn, Co, Cu, Mn, Fe, U und V, eine 
Reihe von Silikaten, Sulfiden und Mischphasen mit farbge- 
bcndcn Kationen in farbloscn Wirtsgittcm vom Rutiltyp wic 
T1O9, Sn0 2 , Zr0 2 , ZrSi0 4 und Pb0 2 . Durch die Wahl der 
Ausgangsstoffe, ihre Konzentration in Mischphasen und die 
Herstellungsbedingungen iassen sich dabei praktisch alle 
gangigen Farben als feuerfeste Pigmente herstellen. Die we- 
gen ihrer Brillianz besonders geschatzten oxidischen Misch- 
phasenpigmente bestehen aus einem stabilen farblosen 
Oxidgilter, ublicherweise vom Spinelllyp (Me 2+ Me 2 ""0 4 
oder Me 9 2+ Me 4+ 0 4 ais Grundformel) oder Rutiltyp, wie 
TiO?. Snb 2 , Zr0 2? ZrSi0 4 , Pb0 2 , in die farbgebende Kat- 
ionen anderer Metalle eingebaut sind, welche die Farbe be- 
wirken. Kristallchemisch handelt es sich urn Mischkristalle, 
Die in diesem Zusammenhang besonders in teres sierenden 
Mischoxide vom Rutiltyp enthalten in der Regel Nickel, Ko- 
balt, Chrom, Kupfer, Mangan, Eisen oder Vanadium als 
farbgebendes Kation und zum Wertigkeitsausgleich dieser 
zwei- oder dreiwertigen Ionen gegenuber dem zu ersetzen- 
den vierwertigen Rutil-Ion, Antimon, Niob oder Wolfram 
als hoherwertige Metallionen. Diese oxidischen Mischpha- 
senpigmente werden prinzipiell durch Brennen der entspre- 
chenden oxidischen Komponenten in festem Zustand bei 
Temperaturen im Bereich zwischen 800 und 1400°C herge- 
stellt, wobei die Festkorperreaktionen urn so leichter ablau- 
fen, je reaktivere Komponenten verwendet werden, d. h. je 
feiner sie verteilt und je inniger sie gemischt werden. Um 
cine besonders gute Vermischung zu erreichen, werden hau- 
fig die Ausgangskornponenten durch gemeinsames Ausfal- 
len von Hydroxiden oder Carbonaten aus waBrigen Losun- 
gen hergestellt. Durch Zusatz von Mineraiisatoren (z. B. Li- 
thium- oder Natriumchlorid) laBt sich die Bildungstempera- 
tur der oxidischen Mischphasenpigmente herabsetzen und 
dadurch die ansonsten bei hohen Temperaturen leicht eintre- 
tende starke Versinterung unter Bildung groBer Pigmente 
venneiden (vgl. Ullmann's Enc. d. techn. Chemie, 4. Aufl. 
(1979), Bd. 18, S. 599-628; DE-AS 19 03 755; US- 
P3 022 186; Zeitschrift "Angewandte Chemie" 1/1962, S. 
23-27 und cfi/Ber. DKG 4/1993, S. 146-148). Fur die be- 
sonders interessierenden gelben Pigmente mit Ni und Cr als 
farbenden Ionen sei auf DE-OS -24 16 347, DE-OS- 
26 05 651 und US-P-2 992 123 verwiesen. 

Zur Farbung von Keramik werden diese Pigmente entwe- 
der zusamrnen mit glasbildenden Substanzen, der sogenann- 
ten Fritte, auf die vorgebrannte Keramik aufgetragen und 
mit dieser verschmolzen oder versintert (Glasur oder 
Emaille), oder je nach mechanischer Beanspruchung auf die 
Glasur aufgetragen oder eingebrannt (sogenannte Schmelz* 
oder Aufglasurpigmente) oder auf den Scherben aufgetra- 
gen und anschlicBcnd mit cincr Glasur ubcrzogen (Untcrgla- 
surpigmente). Zur Herstellung nicht glasierter Keramik wird 
die sogenannte Engobetechnik angewandu bei der eine feine 
Aufschlammung von mit den Pigment en vermischten Ton- 



mineralien in dunner Schicht auf das keramische Material 
aufgebracht und eingebrannt wird. Eine Durchfarbung des 
gesamten Keramikmaterials verbietet sich nonnalerweise 
wegen des hohen Preises der Pigmente. Das Engobeverfah- 
5 ren hat den groBen Vorteil, daB nicht nur eine dunne ober- 
flachliche Farbgebung erfolgt, sondern daB das Keramikma- 
terial mit einer durchgefarbten Oberflachen schicht versehen 
ist, so daB man Rauhigkeiten und Unebenheiten der Oberfla- 
che durch Abschleifen und Polieren egalisieren kann, ohne 
to daB die Farbung initentfernt wird. Nachteilig bei diesem 
Verfahren ist, daB immer nur die gesamte Oberflache mit der 
farbigen Schicht uberzogen wird und man somit keine Mu- 
ster aufbringen kann. 

Zum Aufbringen von Farbmustem auf nicht glasierte Ke- 
15 ramik hat man daher schon seit langerer Zeit versucht, Lo- 
sungen von farbgebenden Metallverbindungen nachtraglich 
auf die gebrannte Keramikoberflache aufzubringen, damit 
diese in die Oberflache cindringen und nach dem Trockncn 
und Brennen eine Oberflachenschicht ergeben, die mit den 
20 sich bildenden farbigen Metalloxiden durchsetzt ist. Zur Ro- 
safarbung vergleiche DE-OS 195 46 325, zur Schwarzfar- 
bung DE-OS 196 25 236. Obwohl die Farbemoglichkeiten 
nach dieser Verfahrensvariante relativ groB sind und sich 
eine groBere Anzahl von Farben herstellen laBt, ist durch die 
25 Beschrankung auf oxidische Farben die Farbpalette be- 
schrankt. Farbungen mit Mischoxidpigmenten vom Typ der 
Rutil- oder Spinellfarben lassen sich namlich auf diese Art 
und Weise nicht herstellen, da die verschiedenen Ausgangs- 
mineralien in ausreichender Konzentration sich nicht in ein- 
30 heitlichen Losungen bestandig nebeneinander auflosen lie- 
Ben und Suspensionen von fertigen Pigmenten nicht tief ge- 
nug in die Keramikoberflache eindringen. 

GemaB der DE 31 09 927 werden Salze oder Oxide ver- 
schiedener farbgebender Metalle als solche im Druckverfah- 
35 ren auf die Keramik aufgetragen und erzeugen jedes fur sich 
die entsprechende Farbe. Ein gemeinsames Auftragen wird 
zwar ebenfalls angesprochen, jedoch letztlich im Sinne von 
Mischfarbbildungen bzw. einem nebeneinander Auftragen, 
um entsprechende farbige Bilder zu erzeugen. Beispiel 2 be- 
40 schreibt das Auftragen auf eine Zirkonoxidglasurschicht, je- 
doch konnen sich die Rutilpigmente dabei nicht bilden, da 
einerseits jeweils nur ein Metallion (Kupfer bzw. Kobalt) 
aufgebracht wird, welches zur Mischphasenbildung nicht 
ausreicht, und andererseits bei Zirkonoxidglasuren das Zr0 2 
45 nicht in definierten Kristallen mit Rutilstruktur, sondern als 
unterkuhlte glasartige Schmelze in Mischung mit den ande- 
ren Glasurbestandteilen enthalten ist. 

Mit den hier beschriebenen Verfahren lieB sich bisher je- 
doch die Farbe Orange nicht erzeugen. 
50 Es stellte sich daher die Aufgabe, Metallsalzlosungen zu 
finden, mit denen sich diese Farben auf einer Keramikober- 
flache erzeugen lassen. 

Die Losung dieser Aufgabe wird durch die im Hauptan- 
spruch wiedergegebenen Merkmale gelost und durch die 
55 Merkmale der Unteranspruche gefdrdert . 

Die erfindungsgemaBe Metallsalzlosung besteht im we- 
sendichen aus einer Eisencitrat-Losung in Kombination mit 
einer Zinncitrat Losung unter Beimischung der bei diesen 
Verfahren ublichen Hilfsmitteln wie Mineraiisatoren etc. Er- 
60 findungswesentlich ist jedoch, daB der Tonscherbem auf 
dessen Oberflache die Metallsalzlosungen aufgetragen wer- 
den, mind. 2,5 Gew.-% feste Zirkoniumverbindungen, ins- 
besondere Zirkoniumdioxid enthalt. Nur mit dieser Kombi- 
nation kann sich der gewunschte Farbton ausbilden. 
65 Offcnbar bilden die festen Zirkoniumverbindungen mit 
den Kationen Eisen und Zinn eine farbige Komplexverbin- 
dung, die sich in der Oberflache der Keramik anreichert. 
Die Anwendung des Verfahrens ist einfach, man tragt die 
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ment responsible for the high degree of vitrification of the final product. Quartz rep- 
resents the basic matrix of the crystal phase in the finished product and is used in 
the mixture to balance the presence of melting components. 
The quantitative relations between clay components, melting components and 
5 quartz depend on the intrinsic mineralogical nature of the clays, on the particle 
granulometry and on the firing cycle used. The typical composition disclosed 
above relates to a mixture suitable for fast firing. This expression refers to stone- 
ware firing cycles lasting 40/70 min. with a maximum temperature of 1 180-1230°C. 
A typical chemical analysis of a stoneware mixture is shown in the table below: 

10 



Oxides 


Si0 2 


Al 2 0 3 


Ti0 2 


Fe 2 0 3 


CaO 


MgO 


K 2 0 


Na 2 0 


Comp. % 


60-70 


15-25 


0.1-0.5 


0.1-0.5 


0.1-1.0 


0.01-0.8 


0.4-5.0 


0.2-5.0 



The peculiarity is the low concentration of colouring oxides such as Fe 2 03 and 

Ti0 2 , so as to avoid obtaining a darkening of the white shade of said mixture. 

For the colouring of ceramic manufactured items, and of stoneware in particular, 

15 several colouring pigments and several colouring processes have been developed 
since a long time in order to obtain products with a high aesthetic value. Among 
the most commonly used methods let us quote the one based on the addition of 
powder colouring pigments (in particular inorganic oxides and mineral colours) to 
the ceramic mixture before forming. The product is thus coloured for its whole 

20 thickness, though with a high consumption of colour, which is the most expensive 
component. 

Keeping in mind that colouring is useless within the ceramic body, since said mate- 
rial is not transparent, it is obvious that methods have been searched which allow 
to obtain colouring only on the ceramic surface, with a high saving on expensive 
25 material. 

Therefore, deposition systems of colouring pigments directly onto the surface of 
the ceramic body, before pressing and firing, have been provided. This system al- 
lows to obtain a consistent basic layer, around 75% of the product thickness, pro- 
viding the structure of the tile, and to deposit onto said layer a coloured layer 
30 whose thickness can be adjusted at will and which does not affect the structural 
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features of said product. The coloured layer, generally with a thickness of 1-2 mm, 
can also undergo further processes (smoothing, polishing). These technologies 
enable a strong saving on material, since only a thin layer of the product is col- 
oured, but the application process is quite complex since it calls for the use of 
5 complex devices which can add and supply to the forming moulds the types and 
amounts of colouring pigments necessary to obtain the desired products. For this 
reason line productivity is compromised and besides said technology does not al- 
low to obtain aesthetically complex products. 

An alternative process for stoneware decoration consists in making the surface -of 
10 the ceramic material, both after partial firing (as described for instance in DE 
20.12.304) and after forming and before firing (as described for instance in CH 
575.894), absorb an aqueous solution of metal salts which can turn into stable 
colouring products at high temperatures during the firing stage of the ceramic 
manufactured item. The aqueous solution is applied with known methods, such as 
15 dipping, spraying, disking, serigraphy. The use of soluble salts is particularly ad- 
vantageous since it allows to obtain very thin coloured layers and it is often used 
for flat objects (such as flooring or facing tiles). In particular, serigraphic methods 
are extremely widespread because they allow to obtain graphic works, drawings 
and decorations which could not be carried out in any other way, with a limited use 
20 of colour. As far as the final aesthetic effect is concerned, decoration with soluble 
salts by serigraphy allows to obtain drawings and decorations with shaded con- 
tours, thus making it possible to carry out complex graphic works without compro- 
mising line productivity. 

In recent years a series of colouring products has been developed, in which inor- 
25 ganic salts of chromofore metals (chlorides, nitrates, sulphates), which were pres- 
ent in the first soluble salts for decorations on ceramic materials, have been 
gradually replaced with metals in form of organic derivatives which, though main- 
taining the same chromofore effect, ensure a lower environmental impact. Inor- 
ganic anions, which were turned into corrosive highly polluting gases during firing 
30 at high temperatures typical of ceramic materials, have thus been replaced with 
organic anions turning by combustion into H 2 0 and C0 2 . Alkaline or ammonium 
chloride, nitrate, sulphate in case present in the aqueous solution do not cause 
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remarkably evolution of corrosive gas or vapours during firing. 
The use of metal derivatives in aqueous solution allows to obtain a good colour 
penetration info the ceramic body. Colour penetration is a particularly important 
parameter to obtain smooth tiles. Smooth tiles are tiles whose surface portion has 

5 been removed by abrasion with diamond wheels for a thickness of 0.7 to 1 .5 mm, 
which are then smoothed and polished with suitable felts until they have a per- 
fectly polished surface. Therefore, it is obvious that it is necessary to obtain a col- 
our penetration of at least 0.2 mm above the thickness removed by smoothing. 
Patent no. EP 704.411 describes for instance a process for colouring ceramic 

10 manufactured articles for a depth of 2 mm, characterized in that it uses aqueous 
solutions of ruthenium organic derivatives. 

Though quite broad, the chromatic range which can be obtained with soluble or- 
ganic salts is not complete, differently from what occurs for the colours obtained by 
using solid inorganic pigments (see for instance Biffi, "II gres porcellanato", 1997, 
15 pages 89-94). 

In order to obtain a yellow color with soluble salts various colouring compositions 
are known. Patent application no. EP940379 describes compositions for colouring 
ceramic materials on surface and to a depth of at least 1 mm, characterized in that 
they contain chrome and titanium organic derivatives in combination with antimony 

20 or tungsten organic derivatives, and their mixtures. Said solutions allow to obtain 
colours from yellow to orange according to the relations between the components. 
Colouring methods for ceramic materials have been recently developed, providing 
for the addition of oxides to the pastes, in particular Ti0 2 , which, though reducing 
the white shade of the support, can develop new color shades by combining with 

25 particular chromofore metals applied onto the ceramic body in form of water solu- 
ble organic salts. 

Patent no. EP894081 discloses this kind of method to obtain a color shade from 
yellow to orange. Before forming the material, an amount of Ti0 2 of 0.5 to 10% by 
weight is added to a traditional stoneware mass, and then an aqueous or hydroal- 
30 coholic solution of a Cr organic salt in combination with a Sb or Zn or Zr or Mn or- 
ganic salt, or their mixtures, is applied onto the ceramic manufactured item. This 
process allows to obtain decorations on surface and to a depth of at least 1.6 mm. 
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Patent application EP927710 describes a colour composition from ochre to yellow 
"Terra di Siena" for ceramic manufactured items containing 1% to 10% by weight 
of Ti0 2 , said composition being in form of an aqueous or hydroalcoholic solution 
comprising W or Cr organic derivatives. The addition of titanium dioxide strongly 
5 affects the development of colors not included in the aforesaid range of yellow and 
orange, that can be and obtained with known aqueous solutions of metal com- 
plexes, above all when these are used in a low concentration (or by serigraphy) to 
obtain soft colours. 

For the pink colour the choice has been limited up to now to gold derivatives. The 
10 use of aqueous solutions of gold inorganic salts, for instance gold chloride, to col- 
our with pink to violet shades ceramic surfaces has been known for quite a long 
time (see for instance "Encyclopedia der technischen Chemie", 1929, vol. 4. pages 
837-38 and DE 43.20.072). Said solutions show the disadvantage of being highly 
corrosive because of the presence of hydrochloric acid necessary to stabilize gold 
15 chloride in solution. DE 195.46.325 describes a method for colouring with a pink 
shade ceramic surfaces, characterized in that said ceramic surface is treated with 
an aqueous solution of an ammonium or alkali metal dithiosolphoaurate with a 
gold concentration of 0.1 to 10% by weight. Said solutions show the disadvantage 
of developing high amounts of pollutants (S0 2 and/or S0 3 ) during the firing cycle 

20 undergone by the decorated material. This disadvantage is overcome by using 
solutions quoted in the international patent application no. WO 00/10941. The 
above-mentioned patent application discloses the use of colouring composition 
which can colour on surface and to a depth of at least 1 mm with shades in the 
range from pink to purple to violet, consisting of aqueous solutions or mixtures of 

25 water and water soluble organic solvent of a gold thiolate having the general for- 
mula Au-S-R-X and Au-S-R-H, in which R is an aliphatic, aromatic, cycloaliphatic 
or etherocyclic, linear or branched, bivalent radical, possibly ethero-substituted. 
Tanhninal Problem 

Considering the interest in the decoration with soluble salts, which can be used 
30 with simple and relatively cheap application methods, though allowing to obtain at 
the same time highly aesthetic products, such as disking and serigraphy, it is obvi- 
ous that there is a strong interest of ceramic industry in finding new colouring 
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compositions and new colouring processes compatible with said methods, broad- 
ening the chromatic range now available; in particular, there is a lack of colouring 
processes allowing to obtain pink/orange colors different from those which can be 
obtained with gold organic derivatives. 

5 The technical problem which should be solved by said colouring processes is to 
use aqueous or hydroalcoholic solutions of organic metal complexes or inorganic 
metal salts which can easily be turned into coloured compounds stable at high 
temperatures, and to give the manufactured item, in particular stoneware, new 
pink/orange colors both on surface and within the ceramic body 

10 Brief description of the figures 

Figure 1 represents the values of the parameters a* and b* for a brightness value 
in the range L* = 65 - 75 in the tests 1 - 63, for the raw manufactured items (see 
table 2 to 4). 

Figure 2 represents the values of the parameters a* and b* for a brightness value 
15 in the range L* = 70 - 80, in the tests 1 - 63, for the smoothed manufactured items 
(see table 2 to 4). 
Description of the invention 

The applicant has found new colouring compositions and a new colouring method 
for ceramic materials, in particular stoneware, to obtain after firing new 

20 pink/orange shades on surface and within the ceramic body. Said new colouring 
compositions comprise aqueous or hydroalcoholic solutions of Cr inorganic salts 
or organic derivatives, or aqueous or hydroalcoholic solutions of Cr and Fe inor- 
ganic salts or organic derivatives, possible mixed with aqueous or hydroalcoholic 
solutions of Zn inorganic salts or organic derivatives, and they are proper to be 

25 applied onto a ceramic support suitably added with ZnO or zinc silicate, and suita- 
bly modified to compensate the excessive fusibility caused by zinc oxide or zinc 
silicate. 

According to the present invention the addition of zinc oxide or zinc silicate to the 
ceramic mixture can be carried out by adding Zn oxide or silicate as such to the 
30 ceramic paste or by adding part of the Zn oxide or silicate to the ceramic mixture 
and then applying onto the ceramic surface an aqueous or hydroalcoholic solution 
of a "precursor", meaning a Zn inorganic salt or organic derivative. Said precursor 
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can be applied alone before or after the application of the colouring solution, or it 
can be mixed with the colouring solution itself. 

The amount of ZnO to be added to the mixture according to the present invention 
is 5 to 20% by weight on the dry mixture, preferably 7 to 14% which corresponds 
5 to 4 1 6% by w. and preferably 5.6 - 1 1 .25% of Zn (as element). 

Alternatively, the stoneware ceramic mass can be added with such an amount of 
Zn silicate to introduce into the mixture an amount of Zn corresponding to the 

amount introduced by an addition of 5-20% of ZnO, that is 4 - 16% by w. of Zn. 

Cr and Fe inorganic salts, in particular chlorides, nitrates, sulphates, chromates 
10 and dichromates, are particularly cheap and suitable to obtain the desired colours, 

but they have the disadvantage to give out corrosive gases or toxic vapors during 

firing. Therefore, it is preferred to use organic derivatives giving water and carbon 

dioxide by thermal decomposition. 

Cr and Fe organic derivatives used in the present invention are salts of aliphatic or 
15 aromatic mono- or polycarboxylic acids having 1 to 1 8 carbon atoms, possibly with 
1 to 5 substituents in the aliphatic chain, which can be hydroxy-, amino- or thio- 
substituents. As a mere non limiting example we can quote the following com- 
pounds: formic acid, acetic acid, propionic acid, butyric acid, lactic acid, glycolic 
acid, tartaric acid, citric acid, oxalic acid, maleic acid, fumaric acid, citraconic acid, 
20 gluconic acid, glycin, aminoadipic acid, aminobutyric acid, aminocaproic acid, ami- 
nocaprylic acid, 2-amino-4-hydroxybutyric acid, aminoisobutyric acid, aminolevu- 
linic acid, thioglycolic acid, ethylendiaminotetraacetic acid (EDTA), salicylic acid. 
Among the organic derivatives used in the present invention let us remember 
polymers of polycarboxylic acids, such as polymers or copolymers of acrylic or 
25 metacrylic acid, and copolymers such as vinyl ether with maleic anhydride and 
acrolein. 

Cr and Fe organic derivatives used in the present invention can possibly be used 
in form of ammonium salts or salts of an alkali metal. 

Zn in form of chloride, nitrate or solphate can be used as a "precursor" for the de- 
30 velopment of ZnO, though the formation of corrosive gases during the firing stage 
of the decorated material makes it preferable to use as "precursors" Zn organic de- 
rivatives. 



BNSDOCID: <WO 0210092A1 J_> 



. WO 02/10092 PCT/EP01/08299 

-8- 

Zn organic derivatives used as "precursors" are salts of aliphatic or aromatic 
mono- or polycarboxylic acids having 1 to 18 carbon atoms, possibly with 1 to 5 
substituents in the aliphatic chain, which can be hydroxy-, amino- or thio- 
substituents. As a mere non limiting example we can quote the following com- 

5 pounds: formic acid, acetic acid, propionic acid, butyric acid, lactic acid, glycolic 
acid, tartaric acid, citric acid, oxalic acid, maleic acid, fumaric acid, citraconic acid, 
gluconic acid, glycin, aminoadipic acid, aminobutyric acid, aminocaproic acid, ami- 
nocaprylic acid, 2-amino-4-hydroxybutyric acid, aminoisobutyric acid, aminolevu- 
linic acid, thioglycolic acid, ethylendiaminotetraacetic acid (EDTA), salicylic acid. 

10 Among the organic derivatives used in the present invention let us remember 
polymers of polycarboxylic acids, such as polymers or copolymers of acrylic or 
metacrylic acid, and copolymers such as vinyl ether with maleic anhydride and 
acrolein. 

Said Zn organic derivatives can possibly be used in form of ammonium salts or al- 

15 kali metal salts. 

Colouring compositions according to the present invention allow to obtain a col- 
oration on surface and to a variable depth up to 2 mm within the ceramic body. 
The obtained colors depend on the concentration of Cr and Fe in solution, on the 
weight relation Cr/Fe, on the amount of applied solution by surface unit and on the 

20 Zn content added to the ceramic mixture in form of oxide, silicate and in form of 
"precursor". 

Aqueous or hydroalcoholic colouring compositions according to the present inven- 
tion contain 0.4% to 12% by weight of Cr (stated as element), preferably 4 to 9%; 
the concentration of Fe in the colouring solutions containing Cr and Fe should be 
25 such that the weight relation Cr/Fe (stated as elements) in solution is between 1 :2 
and 9:1 , preferably from 1:1 to 4:1 . 

Aqueous or hydroalcoholic solutions of Zn organic derivatives used as "precursors" 
according to the present invention contain 0.5 to 14% by weight of Zn (stated as 
element), preferably from 6 to 12%. Aqueous solutions of Zn inorganic salts used 
30 as "precursors" contain 0.5 to 40% of Zn. If the "precursor" is used in combination 
with the colouring solutions containing Cr or Cr and Fe according to the present 
invention, the weight relation Cr/Zn (stated as elements) is between 1 :5 and 5:1 . 
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A method for the application of the colouring compositions according to the pres- 
ent invention includes the following stages: 

a) preparation of a stoneware ceramic mass containing 5 to 20% by dry weight 
(preferably 7 to 14%) of ZnO; 

b) drying of the formed ceramic body at room temperature or higher up to 100°C, 
up to a water residual content below 0.5% by weight; 

c) treatment of the surface with an aqueous or hydroalcoholic solution of Cr or Cr 
and Fe organic complexes or inorganic salts, possibly containing the 
"precursor", in an amount of solution of 20 to 600 g/m 2 of final coloured sur- 
face; 

d) balancing of the object coming from the previous stage at room temperature, 
or higher up to 70°C, for at least 1 hour, to homogenize solution absorption; 

e) oven firing following a standard ceramic cycle for glazed stoneware. 
Alternatively, stage a) of said method provides for the preparation of a stoneware 
ceramic mixture added with zinc silicate in such an amount to introduce into said 
mixture an amount of Zn corresponding to the amount introduced by an addition 
with 5-20% of ZnO. 

Before, after or during stage c) of the process according to the invention the ce- 
ramic surface can be treated with an aqueous or hydroalcoholic solution of the 
"precursor" in an amount of 20 to 600 g/m 2 of final coloured surface. Said treat- 
ment can be carried out with a single solution application or with several applica- 
tions. An additional drying stage of the ceramic manufactured item can be pro- 
vided between each application. 

The amount of colouring solution to be applied before firing onto the ceramic mate- 
rial added with ZnO or zinc silicate should be such to ensure by means of the ap- 
plication of colouring solutions in an amount of 20 to 600 g/m 2 of final coloured 
surface the application of 1 to 50 g/m 2 of Cr (stated as element), preferably 2 to 36 
g/m 2 , and of 0.5 to 50 g/m 2 of Fe (stated as element), preferably 4 to 40 g/m 2 . If 
the "precursor" is used in combination with the colouring solutions containing Cr or 
Cr and Fe according to the present invention, the amount of colouring solution to 
be applied should be such to ensure the application of 1 to 50 g/m 2 of Zn (stated 
as element), preferably 5 to 40 g/m 2 . 
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Aqueous or hydroalcoholic solutions according to the present invention can be ap- 
plied onto the ceramic material by several methods, such as by dipping, spraying 
and disk spraying. Moreover, said solutions can be thickened to form a paste suit- 
able for application onto the ceramic surface by serigraphy; thickeners which can 

5 be used are for instance natural or industrial starches or rubbers in an amount up 
to 8%. The application by serigraphy allows to obtain ceramic manufactured items 
with complex decorations, in which the solutions according to the present invention 
are applied until said ceramic manufactured item is wholly or partly decorated. 
The following operating stages are optional for the implementation of the method 

10 described above: 

• between stage b) and c) the dried object undergoes a pre-treatment with water 
up to a maximum amount of 300 g/m 2 of the ceramic material; 

• between stage c) and d) the dried object undergoes a post-treatment water up 
to a maximum amount of 300 g/m 2 of the ceramic material. 

15 The addition of ZnO or zinc silicate to the stoneware mixture according to the pre- 
sent invention takes place within the whole ceramic body, by mixing the oxide or 
silicate to the raw materials commonly used before these are conveyed to the 
grinding or forming devices, according to a process known as "whole mass". Alter- 
natively, ZnO or zinc silicate are added to a small percentage of the mixture, which 

20 is deposited during the forming stage onto a base made of traditional stoneware 
paste, according to the method known as "double feeding". Thus only the surface 
layer of the ceramic body which has to be coloured is enriched with Zn, where the 
thickness of the added layer can be adjusted to the requirements of further proc- 
essing of the ceramic manufactured item. 

25 Independently from the method used to add ZnO or zinc silicate to the mixture to 
carry out the process according to the present invention, the traditional paste 
composition should be suitably varied to balance the introduction of zinc oxide or 
silicate. Zinc oxide and silicate exert a melting action into the mixture, thus ena- 
bling during firing the formation of extended glass phases and resulting in melted 

30 materials after firing. A high percentage of zinc oxide or zinc silicate in the ceramic 
mixture should therefore be suitably balanced with the introduction into said mix- 
ture of refractory materials, which resist thermo-mechanical stresses up to tem- 
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peratures above those reached in a standard firing cycle. Examples of said re- 
fractory materials are pyrophyllite, kaolin, zirconium silicate, zirconium oxide, alu- 
mina and quartz. The use of zirconium silicate to balance the fusibility of zinc oxide 
or zinc silicate, though being expensive with respect to other compounds such as 
5 quartz, has proved interesting in the implementation of the process according to 
the invention, since it has been found that, beyond having the necessary qualities 
of a refractory material, said material contributes to the increase of brilliance of the 
pink/orange shades obtained using colouring solutions according to the present 
invention. 

10 Alternatively, the presence of high percentages of melting material can be bal- 
anced by completely re-formulating the ceramic mixture, by varying the propor- 
tions of all raw materials so as to obtain a balanced mixture which shows after fir- 
ing a water absorption below 0.5%, as in the case of normal stoneware. 
According to a main feature of the present invention it is possible to mix aqueous 

15 or hydroalcoholic colouring solutions of Au, Co, Ni, Mn, Pd, Ru, V and Zr organic 
complexes known in the art to obtain colors or color shades which are different 
from those which can be normally obtained with traditional mixtures, i.e. which are 
not added with ZnO or zinc silicate. The mixtures thus obtained can be applied ac- 
cording to the method described above. 

20 Examples 

Example 1: Colorations with pink to pink/orange shades developed from the col- 
ouring compositions according to the invention 

100 g of a paste whose composition is shown in Table 1 are added with 15 g of 
ZnO and 5 g of quartz (to balance the fusibility of Zn oxide) before the forming 

25 stage; the formed material is dried at 100°C up to a water residual content below 
0.5% by weight. The surface is treated at room temperature with an aqueous solu- 
tion of acetated Cr (testi 1-2), with an aqueous solution of Cr acetate and Zn 
acetate (tests 3 to 11), with an aqueous solution of Cr acetate and Fe citrate (tests 
12 to 29), in an amount of 450 g/m 2 of final coloured surface. The decorated ce- 

30 ramie body is fired in an industrial oven with a standard fast firing cycle for stone- 
ware (40 min. cycle, maximum temperature 1210°C). The tile is smoothed to an 
average depth of 0.75 mm. 
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Table 7. Chemical analysis of the mixture used: per cent composition before addi- 
tion 



Si0 2 


AI2O3 


Fe 2 0 3 


TiO a 


CaO 


MgO 


Na 2 0 


K z O 


66.7 


21.0 


0.69 


0.39 


0.50 


0.66 


3.23 


2.42 



5 Colour measurements are carried out according L*a*b* system. In this colorimetric 
space L* indicates brightness and is a value varying from 0 and 100 (0 is black, 
100 white), whereas a* and b* are the chromatic coordinates, in which a* is the 
component red(+a*)/green(-a*) and b* the component yellow(+b*)/blue(-b*). Each 
color is identified by the value of these three parameters. Color measurements are 

10 carried out with a Spectrapen Model DrLange colorimeter (LZM224-Standard no. 
1009). 

Table 2 shows L*a*b* values obtained; the concentration of the solutions is ex- 
pressed as % by weight of the metals. 
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Table 2. 





( 


WW i 


SMOOTHED 


Test no. c 


/oCr 


/oZn 


/ 0 Fe 


* 


a* 


b* 


* 


a* 


b* 


1 < 


%A 




< 


35.68 


8.96 


19.07 " 


73.5 


7.53 


13.68 


2 : 


1.2 






M.92 


8.95 


18.00 . 


30.62 


5.17 


11.89 


3 < 


3.16 : 


2.4 


. 


59.86 


6.81 


17.01 ( 


39.63 


12.15 


17.36 


4 


4.4 


4.0 




36.76 


8.26 


17.55 


75.47 


7.68 


13.88 


5 


2.64 


5.6 




71.34 


9.35 


18.06 


79.71 


5.51 


12.23 


6 


1.32 


2.8 




75.60 


7.80 


16.55 


83.67 


3.08 


9.41 


7 


2.9 


2.0 




71.90 


9.21 


17.93 


82.23 


3.84 


10.33 


8 ' 


3.08 


1.2 




69.59 


9.74 


18.50 


81.86 


4.05 


10.48 


9 


0.66 


1.4 




78.76 


5.58 


15.17 


85.01 


2.12 


8.34 


10 


1.1 


1.0 




75.52 


7.79 


17.43 


84.18 


2.68 


9.01 


11 


1.54 


0.6 




73.62 


8.72 


18.13 


83.56 


3.01 


9.38 


12 


7.92 




1.0 


38.20 


4.91 


7.30 


58.84 


15.01 


22.98 


13 


3.96 




0.5 


63.73 


11.05 


22.93 


74.24 


7.94 


16.89 


14 


1.98 




0.25 


70.59 


9.84 


21.74 


80.84 


4.26 


12.07 


15 


7.04 




2.0 


36.82 


5.41 


6.83 


61.07 


13.21 


22.41 


16 


3.52 




1.0 


62.94 


12.01 


24.90 


76.67 


6.19 


15.58 


17 


1.76 




0.5 


69.55 


10.26 


23.94 


81.38 


3.58 


11.84 


18 


6.16 




3.0 


34.66 


5.61 


6.62 


59.55 


13.69 


24.76 


19 


3.08 




1.5 


63.79 


11.95 


25.65 


76.92 


5.68 


15.44 


20 


1.54 




0.75 


68.71 


10.64 


24.98 


80.96 


3.49 


12.32 


21 


5.28 




4.0 


33.86 


7.67 


8.53 


61.30 


12.71 


26.12 


22 


2.64 




2.0 


61.53 


12.51 


27.09 


76.42 


5.36 


16.13 


23 


1.32 




1.0 


68.53 


10.46 


26.15 


81 .66 


2.75 


11.47 


24 


4.4 




5.0 


33.96 


8.54 


9.93 


63.78 


11.08 


22.70 


25 


2.2 




2.5 


62.56 


11.96 


27.35 


77.93 


4.28 


15.20 


26 


1.1 




1.25 


68.87 


9.52 


25.94 


81.96 


2.39 


11.12 


27 


3.52 




6.0 


35.00 


10.86 


13.16 


63.57 


10.46 


25.64 


28 


1.76 




3.0 


62.77 


11.41 


27.84 


78.87 


3.58 


14.28 


29 


0.88 




1.5 


69.00 


8.59 


25.94 


82.35 


2.10 


10.80 



Example 2: Comparison with colorations obtained from known solutions and 
methods 
5 (a) Gold-based pink 

In order to obtain a pink shade by means of known colouring solutions based on 
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gold, a tile is used, which is made of a paste whose composition is shown in Table 
1; said tile is pressed, dried in a stove at 100°C up to a water residual content be- 
low 0.5%, treated with colouring solutions in an amount of 450 m 2 /g and then fired 
in an oven according to a standard fast firing cycle for stoneware (40 min. cycle, 
5 maximum temperature 1 21 0°C). The following colouring solutions are used: 

• tests 30-33: Au-mercaptosuccinate aqueous solutions according to the method 
described in the patent application WO 00/10941; 

• tests 34-47: NaAuCI 4 aqueous solutions obtained by dilution from a mother 
solution prepared by neutralizing with NaOH up to pH = 2.7 the amount of 

10 HAuCI 4 necessary to obtain a solution with 0.4% by weight of Au; 

• tests 38-42: Au-acetylcysteinate aqueous solutions according to the method 
described in the patent application WO 00/10941 . 

Tiles are smoothed up to an average depth of 0.75 mm. 

Measurements of the obtained colors, shown in Table 3, are carried put with 
15 L*a*b* system as previously disclosed; the concentration of the solutions is ex- 
pressed as % by weight of the metals. 

, Table 3. 







RAW 


SMOOTHED 


Test no. 


%Au 


L* 


a* 


b* 


L* 


A* 


b* 


30 


0.8 


46.07 


14.27 


4.64 


79.73 


2.37 


8.29 


31 


0.6 


47.08 


14.71 


5.18 


80.19 


2.1 


8.68 


32 


0.4 


47.66 


14.85 


6.33 


80.12 


2.11 


8.62 


33 


0.2 


50.12 


14.69 


6.24 


81.69 


1.16 


9.33 


34 


0.4 


66.11 


11.82 


4.51 


74.02 


5.98 


5.55 


35 


0.3 


68.02 


10.94 


4.71 


74.09 


5.87 


5.82 


36 


0.2 


72.32 


8.64 


4.88 


76.69 


4.53 


6.62 


37 


0.1 


78.79 


4.81 


6.23 


79.19 


2.89 


7.76 


38 


1.0 


39.56 


15.21 


10.87 


59.23 


12.61 


2.74 


39 


0.75 


38.74 


16.63 


9.90 


61.44 


11.71 


2.92 


40 


0.50 


40.90 


17.42 


8.38 


66.03 


9.80 


3.79 


41 


0.25 


46.70 


19.06 


4.76 


73.59 


6.34 


5.69 


42 


0.10 


59.69 


15.86 


3.62 


76.99 


4.36 


6.92 
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(b) Yellows obtained with known methods 

To obtain yellow colors the following process is followed: a tile made of the ce- 
ramic mass shown in Table 1, added with 2% of Ti0 2 (total Ti0 2 2.39%) is 
pressed, dried in a stove at 100°C up to a residual water content below 0.5%, 

5 treated with colouring solutions in an amount of 450 g/m 2 and eventually fired in an 
oven according to a standard firing cycle for stoneware (40 min. cycle, maximum 
temperature 1210°C). The following colouring solutions have been used: 
. tests 43-47: aqueous solutions of Sb tartrate and Cr acetate according to the 
method described in EP 894.081 at various concentrations; 

10 • tests 48-58: aqueous solutions of Zn acetate and Cr acetate according to the 
method described in EP 894.081 at various concentrations; 
. tests 59.63: aqueous solutions of W citrate and Cr citrate according to the 

method described in EP 927.710 at various concentrations. 
Tiles are smoothed up to an average depth of 0.75 mm. 

15 Measurements of the obtained colors, shown in Table 4, are carried out with 
L*a*b* system as previously disclosed; the concentration of the solutions is ex- 
pressed as % by weight of the metals. 
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Table 4. 



r 






RAW 


SMOOTHED 


Test no. 


%Sb 


%Cr 


%Zn 


%W 


L* 


a* 


b* 


L* 


a* 


b* | 


43 


15.2 


0.44 






74.44 


5.09 


28.36 


79.08 


3.23 


31.41 


44 


12.8 


1.76 ! 






63.09 


8.65 


30.75 


70.84 


8.41 


39.08 


45 


6.4 


0.88 






69.03 


8.62 


33.60 


76.00 


4.52 


34.39 


46 


3.2 


0.44 






71.43 


8.25 


35.84 


78.32 


2.32 


30.42 


47 


1.28 


0.18 






74.51 


6.89 


37.51 


80.53 


0.20 


20.47 


48 




2.64 


1.60 




58.43 


4.63 


23.77 


71.76 


3.38 


23.75 


49 




1.10 


1.00 




65.59 


6.10 


26.01 


76.53 


1.98 


20.33 


50 




1.32 


0.80 




62.62 


5.59 


25.26 


75.72 


2.13 


20.98 


51 




1.54 


0.60 




60.17 


4.34 


22.97 


74.59 


2.34 


21.86 


52 




1.76 


0.40 




58.58 


3.40 


21.89 


73.79 


2.60 


22.31 


53 




1.98 


0.20 




57.93 


3.01 


21.50 


71.96 


2.90 


23.29 


54 




0.44 


0.40 




71.36 


4.99 


27.22 


79.23 


0.96 


16.92 


55 




0.53 


0.32 




68.56 


5.48 


27.63 


78.83 


1.19 


17.95 


56 




0.62 


0..24 




67.15 


5.34 


26.00 


78.31 


1.39 


18.34 


57 




0.70 


0.16 




61.31 


4.28 


23.35 


75.44 


2.16 


21.43 


58 




0.79 


0.08 




63.28 


4.34 


24.05 


76.71 


1.79 


20.32 


59 




0.33 




6.75 


68.58 


7.34 


29.19 


75.49 


2.87 


30.12 


60 




0.17 




3.38 


74.58 


3.96 


27.56 


80.80 


0.01 


18.50 


61 




1.00 




5.25 


63.49 


10.81 


30.51 


71.56 


6.27 


33.94 


62 




0.50 




2.62 


70.18 


7.83 


30.87 


78.82 


1.08 


22.62 


63 




0.67 




1.88 


67.26 


9.41 


31.22 


76.97 


2.28 


25.71 



To make even more evident the difference between the yellow and pink colors 
5 which can be obtained by means of solutions and processes known at the state of 
the art, and the pink/orange shades which can be obtained by means of the new 
colouring process, the colorimetric data shown in tables 2, 3 and 4 can be graphi- 
cally represented as dots by drawing on a plane orthogonal to axis L* the projec- 
tion on said plane of a* and b* values. For the representation shown in Figure 1 a 
10 portion of the colorimetric space L*a*b* in a brightness range L* = 65-75 is chosen 
and the diagram shows the dots corresponding to the colors having L* values 
within the considered range on the raw manufactured item. 

Similarly, in Figure 2 a portion of the colorimetric space L*a*b* in a brightness 
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range L* = 70-80 is chosen and the diagram shows the dots corresponding to the 
colours having L* values of 70 to 80 on the smoothed manufactured item. 
Comparative example 3: comparison with colours developed from Cr, Cr/Fe and 
Cr/Zn solutions on traditional ceramic mixtures. 

The surface of a tile made of a traditional mixture, whose composition is shown in 
Table 1, is treated with an aqueous solution of Cr acetate (tests 64-65), or with an 
aqueous solution of Cr acetate and Zn acetate (tests 66-71), or with an aqueous 
solution of Cr acetate and Fe citrate (tests 72-77), in an amount of 450 g/m 2 of fi- 
nal coloured surface. The decorated ceramic body is fired in an industrial oven 
with a standard fast firing cycle for stoneware (40 min. cycle, maximum tempera- 
ture 121 0°C). 

Measurements of the obtained colours, shown in Table 5 for the raw manufactured 
item and in Table 6 for the smoothed manufactured item, are earned out with 
L*a*b* system as previously disclosed; the concentration of the solutions is ex- 
pressed as % by weight of the metals. Said tables also show by way of compari- 
son L*a*b* values obtained in Example 1 for solutions having the same concentra- 
tion on tiles added with 15 g of ZnO. 
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CLAIMS 

1 . Process for obtaining manufactured ceramic articles coloured on surface and 
inside at variable depth uplo 2.5 mm, with ^ink-orange shades," from a stoneware 
mass, added before moulding with a Zn inorganic compound selected from Zn 

5 oxide or Zn silicate, in an amount corresponding to 4% - 16% by w. of Zn (as ele- 
ment) on dry weight and by the treatment of the moulded article before firing with 
an aqueous or hydroalcoholic solution of Cr or Cr and Fe or Cr and Zn or Cr, Fe 
and Zn inorganic salts or organic derivatives, the amount of said solution used in 
the treatment being comprised between 20 and 600 g/m 2 of final coloured surface. 

10 2. Process according to claim 1 wherein the treatment of the moulded article 
before filing is carried out with a solution containing 0.4 to 12% by w. of Cr /stated 
as element). 

3. Process according to claim 1 wherein the treatment solution contains Cr and Fe 
in a weight ratio Cr/Fe between 1 :2 and 9:1 . 
15 4. Process according to claim 1 wherein the treatment solution contains Cr and Zn 
in a weight ratio Cr/Zn between 1 :5 and 5:1 . 

5. Process according to claim 1 , in which Cr, Fe and Zn organic derivatives are 
organic salts of aliphatic or aromatic mono- or polycarboxylic acids having 1 to 18 
carbon atoms, possibly with 1 to 5 substituents in the aliphatic chain, which can be 

20 hydroxy-, amino or thio-groups. 

6. Process according to claim 1, characterized in that Cr, Fe and Zn organic de- 
rivatives are salts of the following acids: formic acid, acetic acid, propionic acid, 
butyric acid, lactic acid, glycolic acid, tartaric acid, citric acid, oxalic acid, maleic 
acid, fumaric acid, citraconic acid, gluconic acid, glycin, aminoadipic acid, amino- 

25 butyric acid, aminocaproic acid, aminocaprylic acid, 2-amino-4-hydroxybutyric 
acid, aminoisobutyric acid, aminolevulinic acid, thioglycolic acid, ethylendiami- 
notetraacetic acid (EDTA), salicylic acid. 

7. Process according to claim 1 , characterized in that Cr, Fe and Zn organic de- 
rivatives are in form of ammonium salts or salts of an alkali metal. 

30 8. Process for obtaining ceramic manufactured articles according to claim 1, 
characterized by the following operative steps: 
a) addition of ZnO or Zn silicate to the stoneware ceramic mass; 
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b) drying of the formed ceramic body at room temperature or higher up to 
100°C, up to a water residual content below 0.5% by weight; 

c) treatment of the surface with an aqueous or hydroalcoholic solution of Cr or 
Cr and Fe or Cr and Zn or Cr, Fe and Zn inorganic salts or organic deriva- 

5 fives, in an amount of solution of 20 to 600 g/m 2 of final coloured surface; 

d) balancing of the object coming from the previous stage for 8 hours at room 
temperature, or higher up to 70°C, for at least 1 hour, to homogenize solution 
absorption; 

e) oven firing following a standard ceramic cycle for glazed stoneware. 

10 9. Process according to claim 8, characterized in that between step b) and c) the 
dried object undergoes a pre-treatment with water up to a maximum amount of 
300 g/m 2 of ceramic material. 

10. Process according to claim 8, characterized in that between stage c) and d) 
the dried object undergoes a post-treatment with water up to a maximum amount 

15 of 300 g/m 2 of ceramic material. 

11. Process according to claim 8, in which before, after or during step c) the ce- 
ramic surface is treated with an aqueous or hydroalcoholic solution of Zn inorganic 
salts or organic derivatives in an amount of 20 to 600 g/m 2 of final coloured sur- 
face. 

20 12. Process according to claim 11, characterized in that Zn organic derivatives 
which are used are organic salts of aliphatic or aromatic mono- or polycarboxylic 
acids having 1 to 18 carbon atoms, possibly with 1 to 5 substituents in the aliphatic 
chain, which can be hydroxy-, amino- or thio-groups. 

13. Process according to claim 12, characterized in that Zn organic salts which 
25 are used are in form of ammonium salts or salts of an alkali metal. 

14. Process according to claim 11, characterized in that the concentration of the 
aqueous or hydroalccnolic solutions of Zn organic derivatives is of 0.5 to 14% by 
weight of Zn (stated as element), preferably 6 to 1 2%. 

15. Process according to claim 11, characterized in that the concentration of the 
30 solutions of Zn inorganic salts is of 0.5 to 40% by weight of Zn (stated as element). 

16. Ceramic manufactured articles, wholly or partly decorated with the method 
according to claims 1 to 15. 
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